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A B S T R A C T

Introduction: There is concern that recreational marijuana legalization (RML) may lead to increased cannabis use
disorder (CUD) among youth due to increased marijuana use. This study investigates whether adolescent sub-
stance use disorder treatment admissions for marijuana use increased in Colorado and Washington following
RML.
Methods: Annual data on 2008–2017 treatment admissions for marijuana use from the SAMHSA TEDS-A dataset
for adolescents age 12–17 were used to model state treatment admissions trends. Difference-in-differences
models were used to investigate whether treatment admissions increased following RML in Colorado/
Washington compared to non-RML states, after adjusting for socioeconomic characteristics and treatment
availability.
Results: Over all states in the analysis, the rate of adolescent treatment admissions for marijuana use declined
significantly over the study period (β=−3.375, 95 % CI=−4.842, −1.907), with the mean rate falling nearly
in half. The decline in admissions rate was greater in Colorado and Washington compared to non-RML states
following RML, though this difference was not significant (β=-7.671, 95 % CI=-38.798, 23.456).
Conclusion: Adolescent treatment admissions for marijuana use did not increase in Colorado and Washington
following RML. This may be because youth marijuana use did not increase, CUD did not increase (even if use did
increase), or treatment seeking behaviors changed due to shifts in attitudes and perceptions of risk towards
marijuana use.

1. Introduction

Cannabis use disorder (CUD) in adolescence is associated with
mental health problems and other negative outcomes which can persist
into adulthood (Kosty et al., 2016; Volkow et al., 2014). Because heavy
marijuana use is a risk factor for CUD (Volkow et al., 2014), there is
substantial concern that the growth of recreational marijuana legali-
zation (RML) in the US and elsewhere will lead to a higher prevalence
of CUD among youth due to increasing marijuana use (Hall and
Lynskey, 2016). Though national survey data indicate that youth
marijuana use generally has not increased over the past two decades
(Miech et al., 2019), youth are now more permissive of use and far less
likely to perceive marijuana use as harmful than in the past (Keyes
et al., 2016; Sarvet et al., 2018b; Schmidt et al., 2016). Although the
legal age to purchase marijuana is 21 in states currently enacting RML,
recreational legalization may make marijuana more accessible to youth
through purchases by older friends and family, expose youth to

marijuana advertising, and enhance pro-social norms around marijuana
use (Harpin et al., 2018; Lipperman-Kreda and Grube, 2018;
Trangenstein et al., 2019). Consequently, RML may affect attitudes
towards marijuana, as well as the age of initiation, prevalence, and
frequency of use (D’Amico et al., 2018; Palamar et al., 2014), poten-
tially resulting in higher levels of CUD among adolescents (Han et al.,
2018).

Though recent reviews of research indicate that medical marijuana
legalization (MML) is not associated with increasing adolescent mar-
ijuana use or CUD (Leung et al., 2018; Sarvet et al., 2018a), related
research on RML is so far mixed, with some researchers finding no in-
crease in adolescent marijuana use following RML (Anderson et al.,
2019; Dilley et al., 2019), others finding evidence of increasing use in
certain states (Cerda et al., 2017; Rusby et al., 2018), and still others
finding a small increase in CUD (Cerda et al., 2019). These differing
results may be due to the use of different data sets capturing marijuana
use and dependence, differing methodological approaches, variation in
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state contexts and marijuana regulatory frameworks, as well as simply a
potential lag between the implementation of RML and its effects on
adolescent marijuana use (Leung et al., 2018; Pacula et al., 2015).

If RML does increase CUD among youth, one potential consequence
would be an increased need for treatment. To our knowledge, however,
no studies thus far have examined changes in treatment admissions for
marijuana use among youth following RML. Here, we investigate
whether RML was associated with an increase in adolescent treatment
admissions for marijuana use in Colorado and Washington, the first US
states to enact RML, in late 2012, which thus provide the longest post-
RML time period of all US states for analysis of youth treatment ad-
missions trends. Using differences-in-differences analysis, this study
compares treatment admissions trajectories in Colorado and
Washington before and after RML enactment to states that did not enact
RML.

2. Materials and methods

We use the 2008–2017 US Substance Abuse and Mental Health
Services Administration’s (SAMHSA) Treatment Episode Dataset-
Admissions (TEDS-A) dataset to identify adolescent (age 12–17) sub-
stance use disorder (SUD) treatment admissions in the US where the
primary substance used was marijuana or other THC preparations (n =
653,232). Consistent with previous research (Mennis et al., 2019), be-
cause the data do not represent individual clients but rather admissions,
we restrict our sample to first time admissions to calculate the annual
admissions rate of unique new clients (per 10,000 adolescent popula-
tion) for each state. States other than Colorado and Washington which
enacted RML during the study period (Alaska, California, Maine, Mas-
sachusetts, Nevada, and Oregon) are excluded from the analysis to
ensure comparison to states where recreational marijuana use remained
illegal. Wisconsin is excluded as it was missing from the TEDS-A da-
taset, and eight other states are missing a combined 22 observations
(the 58 non-missing observations for those eight states were retained in
the analysis), resulting in an analytical dataset of 408 annual admis-
sions rate observations for 43 states over ten years.

We first investigate the general trend of treatment admissions over
the study period by regressing admissions rate on year for all states in
the study. As with previous research on the effects of RML (e.g.
Aydelotte et al., 2017; Cerda et al., 2017), we employ difference-in-
differences analysis to compare pre- and post-RML (beginning 2013)
admissions rates in Colorado/Washington with states which did not
enact RML during the 2008–2017 study period. To examine the dif-
ference-in-differences modeling assumption of parallel trends prior to
2013 we graph the admissions rates over time for Colorado/Wa-
shington and the non-RML states and test for moderation of the change
in admissions rate by group prior to 2013 (Angrist and Pischke, 2009).

We run an unadjusted difference-in-differences model which in-
cludes a set of year dummy variables to account for the secular trend of
treatment admissions, a dummy variable indicating Colorado/
Washington, and the difference-in-differences variable indicating
Colorado/Washington after RML enactment (beginning in 2013). We
then run an adjusted model, which includes a set of state-year level
covariates, including an index of socioeconomic disadvantage (Mennis
et al., 2016, see Supplementary Materials for details), percent white
(not Hispanic) population, and SUD treatment center availability
(number of treatment centers per 10,000 adolescent population;
SAMHSA National Survey of Substance Abuse Treatment Services [N-
SSATS] data).

To test the sensitivity of our analytical results, we refit the differ-
ence-in-differences models using 2014 as the year of legalization (when
RML was widely implemented in Colorado/Washington), excluding
criminal justice referrals to treatment (to account for the potential ef-
fect of legalization on reduced criminal justice referrals to treatment;
Chu, 2015), and for Colorado and Washington in separate models. We
also investigate the sensitivity of the results to the choice of

counterfactuals by restricting the set of control states to: 1) states
without RML or MML during the study period, 2) states with MML but
without RML, 3) the seven non-RML states with rates of adolescent past-
month marijuana use>9% (which is similar to Colorado’s and Wa-
shington’s) just prior to RML in 2012, 4) the states that never enacted
RML (either during or after the study period), and 5) the states that
enacted RML after the study period. We also refit separate models that
include all states enacting RML during the study period (not only Col-
orado and Washington), and enumerate the difference-in-differences
coefficient for each year individually to investigate if RML affected
admissions rates in any particular year (Angrist and Pischke, 2009;
Wing et al., 2018). We refit an additional model that includes the
proportion of criminal justice referrals as an independent variable,
another model that adds the proportion of African American, Asian, and
Hispanic admissions as independent variables, and another model that
also adds the proportion of the total population covered by Medicaid
and without health insurance as independent variables. All models are
estimated using ordinary least squares regression and two-tailed sig-
nificance tests at p< 0.05, conducted in SPSS Version 25 (IBM, Inc.).
Normal probability plots of the regression residuals were used to ensure
they do not deviate substantially from a normal distribution.

3. Results

Fig. 1 shows the mean admissions rate trajectories for Colorado/
Washington and the non-RML states. The rate declines over time for all
states, with the mean admissions rate falling by nearly half. The ad-
missions rate is initially higher in Colorado/Washington at the begin-
ning of the study period but declines more rapidly following RML as
compared to the other states. As Fig. 1 suggests, there was no significant
difference (p<0.05) between groups in the slope of admissions rate
prior to 2013, consistent with the parallel trends assumption of differ-
ence-in-differences analysis.

Table 1 shows the results for the model of the trend of admissions
rates for all states (Model 1) as well as the unadjusted and adjusted
difference-in-differences models (Models 2 and 3, respectively). Model
1 indicates that over all states in the analysis generally, the admissions
rate declined significantly over time. Model 2 indicates that the decline
in pre- versus post-2013 admissions rate was greater in Colorado/Wa-
shington as compared to the non-RML states (as shown in Fig. 1),
though this difference was not statistically significant. Results were
similar for the adjusted model, after controlling for socioeconomic
disadvantage, percent white, and treatment availability. Greater so-
cioeconomic disadvantage, higher percent white population, and lower
treatment availability were significantly associated with lower admis-
sions rates. Results from the sensitivity analyses did not differ in the
direction or significance (p< 0.05) of the difference-in-differences

Fig. 1. Mean annual adolescent substance use disorder (SUD) treatment ad-
missions rates (number of admissions per 10,000 resident adolescents) for
Colorado/Washington (solid line) and non-RML states (dashed line), 2008-
2017. Dashed vertical line indicates when RML was enacted in Colorado and
Washington.
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coefficient (see Supplementary Materials), and did not substantively
alter our conclusions.

4. Discussion

To our knowledge, this is the first study examining the effect of
recreational legalization of marijuana in the US on adolescent treat-
ment admissions for marijuana use. Our results indicate that RML in
Colorado and Washington was not associated with an increase in
treatment admissions. Rather, we observe a substantial decline in ad-
missions rates across US states, with evidence suggesting a greater de-
cline in Colorado/Washington following RML as compared to non-RML
states, though this difference was not significant.

We speculate that the growing social acceptance and the decline in
perceived risk of marijuana use nationally may have led to a marked
decrease in youth treatment admissions in both Colorado/Washington
and non-RML states, even if marijuana use remained stable or in-
creased. We note that a decline in the rate of CUD among youth who
regularly use marijuana would be consistent with observations among
adults. Nationally CUD has remained relatively flat even as adult
marijuana use has significantly increased (Compton et al., 2019), and
the rate of marijuana dependence among adults (and adolescents) who
are heavy marijuana users has declined (Davenport, 2018). De facto
decriminalization of marijuana, which has occurred not only in RML
states but in many other states where marijuana laws are simply en-
forced to a lesser degree, or penalties for small amounts of marijuana
possession have been reduced to small fines, may also play a role in
reducing the social stigma associated with marijuana use. A post-hoc
analysis of the TEDS-A data indicates that criminal justice referrals to
treatment for marijuana use among adolescents declined significantly
(p<0.05) over all states during the study period, and does not differ
significantly between Colorado and Washington and the non-RML
states.

While it is possible that the decreasing level of social stigma asso-
ciated with marijuana use may make it more socially acceptable to seek
treatment, it may also make users less likely to hide their use from
friends and family, and may reduce the perception that their marijuana
use negatively affects their social and work life (consistent with the
observed decline in perceived risk), thus reducing the perception that
heavy use warrants treatment. This effect may be even more pro-
nounced in states legalizing recreational marijuana use, given that le-
galization is also a reflection of the greater degree of public acceptance
of marijuana use. Legalization itself may also act to remove the social
stigma of marijuana use associated with engaging in an illicit or crim-
inal activity (Stolzenberg et al., 2016). It remains unclear, however,
whether the decline in adolescent treatment admissions we observe is
due to a decrease in the actual clinical need for treatment, a decrease in
treatment seeking behavior due to a reduction in the perceived need for
treatment, some combination, or other factors. However, if CUD re-
mained stable following RML, or increased, as recent research indicates
(Cerda et al., 2019), the dramatic decline in adolescent treatment ad-
missions we observe in states enacting RML would suggest an increase

in unmet need for treatment, i.e. it may be the case that admissions
rates are falling because an increasing proportion of adolescents with
CUD are not entering treatment.

Potential limitations to the analysis include data quality issues as-
sociated with the TEDS-A dataset, such as variations in treatment ad-
missions data collection practices and rates of treatment facility re-
sponse among states and over time. It is also unknown how the missing
TEDS-A observations impact the results. Nonetheless, the TEDS dataset
represents the most comprehensive US addiction treatment admissions
data available, which is why it has been used extensively to study na-
tional treatment patterns (Chu, 2015; Mennis et al., 2019; Pacula et al.,
2015). We also acknowledge that certain treatment and facility char-
acteristics have shifted over time. For example, according to N-SSATS
data, the rate of outpatient (versus residential) treatment has increased
slightly, the percentage of facilities receiving government funding has
decreased, and the proportion of private for-profit (versus non-profit)
facilities has increased over the study period. The prevalence of each of
these characteristics may vary among states differently over time, po-
tentially affecting the comparison of state-level admissions trends.
Other unaccounted for state and time-varying socioeconomic, cultural,
and health care factors, such as differences in rates of health insurance
coverage and Medicaid expansion (which we investigated to some de-
gree in the sensitivity analyses), may also affect treatment admissions,
potentially inhibiting our ability to detect the effect of RML on ad-
missions trends. We also acknowledge that RML may increase the
likelihood of relapse and consequent re-admission into a treatment
program, but we would not be able to detect this effect given our focus
on adolescents entering treatment for the first time.

5. Conclusions

While we are encouraged that rates of new treatment admissions for
marijuana use among adolescents exhibited a general decline in the
states we examined, it is unclear whether this finding reflects trends in
the prevalence of CUD or, rather, changes in treatment seeking beha-
viors due to changing perceptions of risk and public attitudes towards
marijuana use. It may also simply be too early to detect the impact of
RML on CUD and, hence, treatment admissions. Future research should
investigate the causes of the dramatic decline in treatment admissions
we observe in Colorado and Washington, examine the impact of RML on
treatment admissions for young and older adults, and address the
generalization of these findings to other states enacting RML, under
different marijuana policy settings, and over longer time periods.
Further research should also investigate the impact of legalization on
youth access to various types of marijuana products, exposure to mar-
ijuana advertising, the social norms of marijuana use, and the potential
health consequences for adolescents.

6. Contributors

Mennis and Stahler conceptualized the paper. Mennis performed the
statistical analysis. Mennis and Stahler wrote the paper.

Table 1
Results of trend and unadjusted and adjusted difference-in-differences (DiD) models of rates of adolescent treatment admissions for marijuana use.

Independent Variable Model 1ab (Trend) Model 2abc(Unadjusted DiD) Model 3abc(Adjusted DiD)

Year −3.375***(-4.842, -1.907)
CO/WAd 27.636*(0.320, 54.951) −2.418(-24.797, 19.961)
DiDe −12.492(-51.143, 26.158) −7.671(-38.798, 23.456)
Disadvantage −22.224***(-29.917, -14.532)
Percent White −0.972***(-1.206, -0.739)
SUD Treatment Availability 3.268***(2.580, 3.955)

aUnstandardized coefficients are reported, 95 % confidence intervals in parentheses; b ***p< 0.005, *p<0.05; c Model includes a set of year dummy variables; d

1=Colorado/ Washington, 0 = non-RML states; e Differences-in-differences variable where 1=Colorado/Washington during 2013–2017 and 0=other states or years
during.2008–2012.
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